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1. Introduction

Due to a combination of societal pressures, governmental interventions, and legislative frame-
works, there is a growing push toward sustainability across virtually all sectors of the economy
and throughout society as a whole (Arefin et al., 2021). The European Union has some of
the strictest environmental policies in the world, and its institutions have made significant
progress in improving the environment (Cifuentes-Faura, 2022). However, many challenges
remain. From a social and governmental perspective, these include a lack of solidarity be-
tween member states, conflicting policies, insecure funding for sustainability initiatives (Davies
et al., 2021; Hermoso et al.,, 2022), and insufficient public involvement (Khatibi et al., 2021). En-
vironmental problems such as waste disposal, global warming, water pollution, deforestation,
and others still persist (Davies et al., 2021; L. Zhang et al., 2022) both in Europe and globally
(Rehman et al,, 2025; Wang et al.,, 2024). Additionally, sustainability issues have a significant
impact on the economy (Davies et al., 2021; Xu et al,, 2024). In addition to these challenges,
another issue with pursuing sustainability is its complexity, as it involves various factors that
are heavily influenced by the economic and social context in which it is applied, requiring
additional education for the people involved (Eichberg & Charles, 2024; Opel et al., 2017). The
approach to implementing sustainability should vary depending on whether the focus is on
an individual, a company, or a city. A high level of understanding of various fields (economy,
climate etc.) is required to properly evaluate the diverse contexts of countries situated in
different climate zones, as well as those with urban versus rural environments and varying
levels of social and economic development (Aslam & Rana, 2022; Pinuer et al., 2022; X. Zhang
et al, 2021). The same rules and regulations apply to Higher Education Institutions (HEI),
depending on the location of the university, its most pressing problems, and experiences with
policies and education on the environment can differ greatly. An increasing amount of HEls
are incorporating sustainability goals in their policies (Amaral et al., 2021; Minhas et al., 2025;
Tallinn University of Technology, 2023) and appropriately adapting their curriculum (Arefin
et al, 2021; Minhas et al., 2025). Currently, in Lithuania there is no mandatory requirements
for HEls to report their emissions, however European directives are clear and such regulations
will eventually appear for everyone and will need to be adopted by HEls as well. The precise
amount of HEls tracking their carbon footprint in Europe is hard to determine, but a growing
number of universities have decided to provide such information about their institutions. In
some countries the majority of universities calculate their carbon footprint: the United King-
dom has a standardized accounting framework, that is followed by 537 institutions (Helmers,
2024), another example is Finland were 97% of HEls have undertaken the evaluation of their
carbon footprint (Sen et al.,, 2022).

A university and its campus can be considered an appropriate testing ground for sus-
tainability policies and frameworks; usually such institutions are referred to as “living labs”
or “small cities” in the literature (Ma et al., 2023; Mustafa et al., 2022; Opel et al., 2017).
Universities serve as an ideal environment for developing and testing strategies aimed at
achieving zero waste, climate neutrality, and circularity. Higher education institutions consist
of people from diverse social and economic backgrounds, they engage in various complex
activities, such as teaching and research, with activities continuing throughout the whole day.
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This makes them a valuable representation of the broader city population (Bumbiere et al,
2022; Opel et al,, 2017). By implementing innovative sustainability initiatives on their cam-
puses (renewable energy, retrofitting buildings, educating staff and students, etc.), universities
can demonstrate practical solutions, educate future specialists, and drive societal change
towards sustainability goals. Ineffective measures and initiatives can be tested and discarded,
while valuable ones can be proposed for adaptation by a wider range of stakeholders, such
as companies, cities and countries (Berker et al., 2024).

There are many different measures that can be taken into account when trying to imple-
ment sustainability in an HEI: from energy efficiency, renewable energy implementation,
lowering carbon emissions, adapting curriculum by including topics about sustainable prac-
tices, to educating local community members and focusing on the more social aspects of
sustainability, like transparent governance and healthy lifestyle choices. It is sometimes hard
to determine and choose where to start and what practices are most efficient in achieving
the Sustainable Development Goals (SDGs). There are tools being created to evaluate the
sustainability of universities (Dawodu et al., 2022). HEIs are complex institutions that have
many different stakeholders so the implementation of sustainable practices is a complicated
and long task that cannot be completed instantly and will require incremental changes (Udas
et al., 2018), slowly lowering its carbon footprint and consumption rates, educating staff, until
finally reaching the climate neutrality target. These changes will also require financial invest-
ment, as well as efforts from all the institutions employees. One of the first steps towards
a greener university is to create a sustainability plan (Biddlecome et al., 2019) or strategy
(Kobylinska et al., 2024; Minhas et al.,, 2025; Tallinn University of Technology, 2023).

Achieving carbon neutrality is one of the common initiatives undertaken by HEIs (Bumbiere
et al., 2022; Mustafa et al,, 2022; Tian et al., 2022; Udas et al., 2018). The process of reaching
this goal is quite complicated and depends on many different factors including the university
size, both in students and owned buildings, the financial state of the institution, the attitude
of the leadership and as mentioned before the motivation of all the stakeholders. At this time,
only a small percentage of universities have achieved carbon neutrality (Sen et al., 2022). As
an example, only 2 universities have achieved this goal in Australia (Sen et al.,, 2022). Multiple
reviews have been conducted worldwide finding only 1-3 universities that have managed to
reach zero GHG emissions (Bolivarian University in Colombia, London School of Economics
and Political Science etc.) (Sen et al,, 2022). As reducing your emissions to zero is unlikely,
they are often compensated by implementing different strategies (Lovell & Liverman, 2010):
a common practice is to include renewable energy sources (solar energy; geothermal energy,
etc.) that generate electricity and heat (Tian et al., 2022), any surplus energy generated after
meeting the HEIs' energy needs would displace fossil-fuel-based electricity, thereby reducing
CO; emissions (Helmers et al., 2021); another method would be to capture carbon dioxide
(CO,) through biomass (planting trees, other plants, etc.) (Bernal et al,, 2018; de Villiers et al.,
2014; Veludo et al., 2021). Trees conduct photosynthesis, a natural process of removing CO,
from the air; as an example, Greifswald University offsets unavoidable emissions through
increased carbon sequestration on university-owned forested land (Udas et al., 2018). Another
applied solution is the purchase of carbon credits to reach the net-zero goal. However, this
practice can even have negative effects on sustainable practices as it is more convenient to
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just buy such credits than implement actual energy and emission saving practices (Melville-
Rea & Arndt, 2024). Adding offset to the carbon footprint report raises questions about the
methods’ transparency and validity.

Scope 1 and Scope 2 emissions are evaluated in this study. Scope 1 consists of univer-
sity owned emission sources as in fuel combustion for heating, transportation (Hailemariam
& Erdiaw-Kwasie, 2023), refrigeration and cooling (World Business Council for Sustainable
Development & World Resources Institute [WBCSD & WRI], 2004). While Scope 2 consists of
emission sources that are outside of the universities control and are purchased by the uni-
versity. This emission scope includes purchased energy (electricity, heating, cooling) (Helmers
et al, 2021) and may include water (Samara et al., 2022). Scope 3 emissions are all other
indirect emissions that are not controlled by the HEI itself. This Scope includes staff and
student transport emissions, emissions generated during the creation processes of products
and services acquired or provided by the HEI (WBCSD & WRI, 2004).

The aim of this study is to present the case study of Vilnius Gediminas Technical University
and its first steps in the long journey to carbon neutrality. Fuel, heating and electricity con-
sumption information is collected and used to calculate Scope 1 (direct) and Scope 2 (indi-
rect) emissions after which a comparison is made with other universities located in Europe,
as they have to follow the same policies, regulated by the EU. tCO,e (tons of CO, equivalent)
was chosen as a unit of measurement, which will help to determine the university’s emissions
and compare them to other HEls. This will help make an informed decision and determine
the reasons for differences between HEIs and either adapt better and more efficient solu-
tions offered by other HEls or propose our own alternatives. An additional goal is to share
the university’s experience in teaching, emission calculation and other practices related to
sustainability as an example of where a university should start its journey towards a more
sustainable future, helping them decide which practices to include in their strategies and
where to start their decarbonization, with the future goal of implementing these practices on
a larger scale and helping policymakers create more effective strategies. The good practices
can be proposed for application in VILNIUS TECH, helping it reach its own sustainability goals
as well.

2. Methodology

In this chapter all of the collected information on the university’s consumption rates are
presented, as well as the calculation methodology required to evaluate Scope 1 and
Scope 2 emissions, which are generated by the amount of consumed fuel on university
grounds (vehicles and HEl owned energy sources) and electricity, heat energy usage for
everyday functions. The boundaries of the calculation are presented as well as relevant
general information about the university and its renewable sources of energy. A graphical
representation of the methodology and results is provided in Figure 1.

There is the possibility of offsetting (through trees, other plants) or another option, cap-
turing CO, with technology (physical and chemical processes) and trapping it in geological
formations (old mines, oil wells, saline aquifers), however, such an option is not likely to
be available for a lot of HEIs and has its own drawbacks (leakage risks, high cost, limited
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Figure 1. A graphical representation of the methodology of the study

storage) (Ajayi et al.,, 2019; Fagorite et al., 2023; Veludo et al.,, 2021). In general carbon emis-
sion offsetting is regarded as a very divisive topic and it is debatable how much CO, such
activities actually save and how to measure different offsetting methods and compare it to
generated emission inventories (Ahonen et al.,, 2024; Helmers et al.,, 2021; Kiehle et al., 2023).
Due to the unclear evaluation methodology, VILNIUS TECH's offsetting projects will not be
presented in this study.

2.1. Case study information: VILNIUS TECH

The collection of accurate data is the first step in the process of the calculation of emissions.
Yearly consumption reports of electricity, heating and fuel usage were collected from the
appropriate departments (Estates and economy office, Finance office) at VILNIUS TECH for the
years 2023 and 2024, the data was provided to the appropriate departments by the suppliers
(invoices for purchase of biofuel and fuels and billing for the supply of heating and electricity
energy). Data from previous years were not included in this article because those years were
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affected by the COVID-19 pandemic and would not represent the normal functioning of
VILNIUS TECH, most emissions moved to Scope 3 during these years, because the majority
of the university staff were working remotely and Scope 3 emissions were excluded from this
article, making the emissions from those years incomparable. The data included consumption
rates on a monthly basis for electricity and heating for all of the separate buildings that are
owned or rented by the university, the yearly amount of fuel used for university vehicle and
airplane operation (diesel, petrol, aviation gas) and other products (biofuel, AdBlue) that fit
the description of the appropriate Scopes, whose yearly consumption rates were available
and who emit GHGs. The precise amounts of energy and fuel consumption are provided
in Table 1. As can be seen in Table 1 the consumption rates of heating and electricity are
slowly increasing, this is because the number of students and staff is increasing (increase
from 8123 students in 2023 to 8618 students in 2024, the same for staff, in 2023 there were
1537 employees and 1623 employees in 2024), naturally, which increases the number of and
amount of fuel consumed for university owned vehicles. The reasons for this increase in staff
and students are due to the merger between VILNIUS TECH and The Lithuanian Maritime
Academy and increased student admissions.

Table 1. Consumption rates of energy and products that produce GHGs (emission sources)

Name of energy/product Year of 2023 consumption Year of 2024 consumption
Heating energy, MWh 11678 12213
Electricity energy, MWh 4302 4384
Diesel, | 46299 45330
Petrol, | 7543 7609
Aviation fuel AVGAS 100LL, | 189137 143992
AdBlue, | 143 262
Wood pellets, 6mm, t 19.5 16

A more positive observation is the increasing amount of AdBlue which helps mitigate
the NOx (Nitrogen Oxides) emissions produced by vehicles using diesel fuel. However, the
amount of this type of Greenhouse gas (N,0) is difficult to accurately determine, because the
emission factor varies because of many different vehicle aspects (vehicle, engine, fuel type,
operation parameters) (Yaman, 2022), its inclusion in the inventory is determined by whether
the emission factor includes this gas. It is clear from the provided amounts of fuel that the
majority of Scope 1 emissions will be produced by the exploitation of planes, hence the large
amount of aviation gas that was used up (Table 1).

For a more accurate comparison with other universities in regards of efficient resource
consumption, the university building area is required to determine the energy consumption
rate per square meter of area, taking into account all the owned buildings that are heated
and have electricity. The only exception is the Kyviskiy Flight training base which is heated
by burning wood pellets. Because of the merger the building area increased from 136120 m?2
in 2023 to 142420 m? in 2024. Water consumption rates for the years 2023 and 2024 are
respectively, 889811 m3 and 96444 m3. In 2024 the university started constructing photovol-
taic elements on the roofs of university owned buildings that could support such structures.
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At the end of the year 518 kWh were generated by the few that were already installed.
Renewable energy sources do not count towards HEI emissions in Lithuania as they have an
emission factor of zero (Ministry of Environment of the Republic of Lithuania, 2016). During
2025 all of the planned photovoltaic elements will be installed reaching about 382 000 kWh
of energy generated which would account for 7.4% of all university used electricity. All of the
collected information will be compared with the information provided by similar university
case studies conducted in Europe to determine how VILNIUS TECH compares to these HEls:
which of them have better practices implemented that can be adapted to VILNIUS TECH or
additional solutions we can suggest to these universities. Because of the similar climate and
geography these universities should have similar methodologies implementing sustainability
and encounter similar problems while decarbonizing their universities.

2.2. Boundary of carbon emission calculations

The most widely used standard for calculating greenhouse gas emissions (GHG) is the GHG
protocol (WBCSD & WRI, 2004). This protocol is mainly focused on businesses, but can also
be applied to governmental agencies, non-governmental organizations and universities
(Bumbiere et al., 2022; Helmers et al., 2021; Samara et al., 2022; Udas et al., 2018; Yusoff et al.,
2021). The protocol allows us to set boundaries for calculating emissions (Scope 1, 2 and 3),
because there is a wide variety of greenhouse gases (CO,, CH4, PFCs etc.) that are produced
during many different industrial processes (fuel combustion, concrete setting, refrigeration,
etc.), evaluation of all of these GHGs can become very complicated and selectively focusing
on just a few while ignoring others could decrease the accuracy of the institutions GHG
inventory also leading to the wrong conclusions in trying to decarbonize the HEI. The GHG
protocol allows us to convert other GHGs to carbon dioxide equivalents (CO,e) by using
emission coefficients for appropriate emission sources (fuel, heating, etc.). In this article the
included GHGs were determined by the available emission factors: the factors provided by the
Lithuanian technical regulations (Ministry of Environment of the Republic of Lithuania, 2016;
Lithuanian National Energy Regulatory Council, 2014), Commission Implementing Regulation
(EU) 2018/2066 from the European Laws (European Commission, 2018) (electricity, heating
energy, water, aviation gas and biofuel) only include CO,, while emissions factors taken from
the Department of Energy Security and Net Zero and Department for Business, Energy &
Industrial Strategy (U.K.), 2013) include CO,, N,O and CH, (AdBlue, Diesel, Petrol). The factors
from U.K. were taken, because of no available trustworthy emission factors from Lithuania.
Emissions are also divided by Scopes (WBCSD & WRI, 2004).

Scope 1 includes direct CO, emissions, generated on campus by university owned sources.
Scope 1 can include emissions by owned heating, electricity generation systems, university
owned vehicles (Hailemariam & Erdiaw-Kwasie, 2023) or refrigeration and air conditioning
(WBCSD & WRI, 2004). In the case of VILNIUS TECH, Scope 1 consists of burnt fuel for
transportation purposes (diesel, petrol, AdBlue) and fuel for heating during the colder seasons
(Wood pellets). The majority of heating for VILNIUS TECH is provided in a centralized manner
(district heating), so these emissions are moved to Scope 2. VILNIUS TECH does not have
a unified method of reporting refrigeration, air conditioning costs or refrigerant consumption,
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because all departments track this separately and the third-party providers are not required
to report the consumption rates, this is a common problem in universities where there is
a lack of systematization of required data (Santos et al., 2024). To include cooling emis-
sions changes, have to be made to the way university tracks cooling and refrigeration costs.
Emissions from AdBlue and biofuel (wood pellets) are excluded from the comparison because
of their small amount, when compared to the other emissions from vehicle fuel.

Scope 2 emissions are indirect emissions that are produced outside of the control of the
HEI and are later purchased by the university, an example being energy resources (electricity,
heat). These emissions physically occur at the location where electricity or heat is produced
and then are brought into the HEIs boundary, water emissions follow the same pattern as
well. Scope 2 emissions for universities usually consist of electricity and heating (purchased
energy) (Helmers et al., 2021), in many cases only electricity is taken into account (Bumbiere
et al., 2022; Filimonau et al., 2021; Milagre et al., 2023; Mustafa et al., 2022), generally because
heating is not an issue in countries with warmer climates or heating systems are owned by the
university itself and are reported in Scope 1. As VILNIUS TECH is located in northern Europe
and the majority of buildings require district heating, our Scope 2 will consist of heating,
electricity and water. Water consumption emissions are included in Scope 2 because it follows
the same production and use pattern as electricity or heating, by being produced outside of
the university and then supplied to VILNIUS TECH through a centralized manner.

Scope 3 emissions are all other indirect emissions, that occur because of the operations
of the institution, but are not controlled by the university itself. This type of emissions can
include transportation of staff, emissions produced after selling university products or emis-
sions generated during the creation processes of materials and services acquired by the HEI
(WBCSD & WRI, 2004). Scope 3 generates the highest number of emissions, because it is the
broadest in the activities included, in some cases it can make up 75% of the total emissions
generated by an institution or corporation (Hettler & Graf-Vlachy, 2024).

This is the first time that the GHG inventory will be collected and calculated for VILNIUS
TECH. The years 2023 and 2024 were evaluated because they mark the period when the uni-
versity resumed normal operations after the pandemic, and 2024 was also the year in which
the merger between VILNIUS TECH and the Lithuanian Maritime Academy was finalized.
Due to uncertainties and complexity of the Scope 3 emissions (Hettler & Graf-Vlachy, 2024;
Nguyen et al., 2023) this study will only include the Scope 1 and Scope 2 emissions. For an
engineering university the number of different emission categories that need to be evaluated
to determine Scope 3 emissions are vast (student and employee travel, product transport,
waste utilization etc.) and will require a lot of time to determine accurately. Scope 3 is omitted
from this article and will be the focus of future research.

2.3. Greenhouse gas emission inventory: calculation methodology

The collected data is primarily qualitative and based on actual consumption records provided
by university departments and suppliers. Basic statistical analysis (e.g., year-to-year compar-
ison, percentage change, and mean values) was applied to assess data trends and ensure
consistency. The data was cross-checked for completeness and accuracy to maintain quality
and transparency of the emission inventory.
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After the data was assessed the methodology for calculating emissions was taken from
the standard of the GHG protocol (WBCSD & WRI, 2004) and calculated by applying specific
emission factors to the consumed amounts of fuel or products consumed and getting the
equivalent CO, emissions. The Equation to calculate emissions from fuel consumption or
product usage is provided below:

Cor - EFgHe = EGHG,PT' M

the amount of a specific fuel, energy or product type (Cpy) is multiplied by the ap-propriate
emission factor (EFgyc) to get the equivalent emissions (Egygpr) for the consumed energy
or product type. The most accurate emission factors to apply would be the ones provided
by suppliers of the products, but if they are missing, general emission factors are applied:
regional factors or factors specified in country regulatory standards. In the case of VILNIUS
TECH, the emission factors for electricity, heating energy and biofuel were taken from the
technical construction regulations, provided in Chapter 2.2. The factor for water consumption
was determined by taking into account the energy required to extract the water and bring
it up from a 100 m depth (0.424 kWh/m3) adding it to the energy needed to get it ready
for consumption (0.013kWh/m3). All required information regarding the determination of
emissions from water consumption were taken from National regulations (Chapter 2.2), which
specified the appropriate company that supplies water to VILNIUS TECH and its coefficients.
The emission factor for Avgas was selected from European Laws, and lastly the emission fac-
tors for diesel, petrol and AdBlue were taken from the Department of Energy Security and Net
Zero and Department for Business (UK), because of the lack of reliable factors from Lithuania
(provided in Chapter 2.2). In some cases, the produced fuel and energy was imported from
other countries which makes the determination process a lot more difficult (Aviation fuel).
After all the calculations are complete the appropriate GHG emissions are summed up to
form Scope 1 and 2 emissions.

After all the calculations are complete, a literature review is conducted and seven case
studies of HEls are selected which have similar climate conditions (experiences winter) are
of similar size or close proximity to VILNIUS TECH (located in western, northern Europe) and
the most important factor, data about their GHG inventory is publicly available in articles
or on their websites: Riga Technical University (Latvia) (Bumbiere et al., 2022), University of
Greifswald (Germany) (Udas et al., 2018), Leuphana university Luneburg (Germany) (Opel
et al., 2017), University of Oulu (Finland) (Kiehle et al., 2023; Kiehle & Hilli, 2024), University
of Turku (Finland) (University of Turku, n.d.), Delft University of Technology (Netherlands)
(Herth & Blok, 2022) and University of Leeds (United Kingdom) (Townsend & Barrett, 2015).
Scope 1 and Scope 2 emissions are compared between these universities. To make the results
clearer the number of emissions per student and per building area are calculated, depending
on which information was provided by these universities on their websites or in published
articles. An analysis of their activities on sustainability are also investigated, to identify good
practices and initiatives.
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3. University emission inventory results and comparison

In this section the results of the calculations of Scope 1 and Scope 2 are presented as well as
the comparison between the five selected university case studies. Graphs and tables are given
to compare the calculated emission amounts per source over a two-year period. Observations
are made regarding distribution and dependencies of the results and university data. Rea-
soning for the differences is provided, as well as recommendations to improve problematic
areas, both in compared universities and in VILNIUS TECH.

All calculated emissions for every type of evaluated product and type of energy are
provided in Table 2. Emissions from AdBlue (for year 2023, 0.04 tCO,e and for year 2024, 0.07
tCO,e) and biofuel (wood pellets) (for year 2023, 0.78 tCO,e and for year 2024, 0.64 tCO,e)
are excluded from the comparison because they are small and insignificant compared to
emissions from other fuels. They are still included in the total amount of emissions for the
sake of accuracy because they do create a small amount of emissions (Wood pellets are 0.1%
and AdBlue is 0.01% of all Scope 1 emissions) as can be observed in Table 2, if compared
to other emission sources. This is because these emission sources (Biofuel, AdBlue) create
a more positive impact than a negative one: wood pellets are classified as a renewable energy
source (biofuel) in the GHG protocol standard (WBCSD & WRI, 2004) and AdBlue is a com-
pound that negates the creation of NOx from burning diesel fuel, also positively impacting
the environment, because of these reasons both these products are not usually included in
GHG inventories as no examples were found of cases where they were evaluated.

Water emissions also have little impact. If included in Scope 2, heating and electricity
emissions are vastly higher than water emissions (water emissions are equal to 1% of all
Scope 2 emissions), but water does create a measurable amount of CO, emissions, which
cannot be ignored. However, it is not clear to which Scope the water emissions belong to,
because the fact that these water emissions are generated outside of university territory and
used in university owned buildings should belong to Scope 2. However, other HEI study cases
that take water emissions into account have varying opinions on which Scope these emissions

Table 2. GHG emissions produced by the equivalent product and energy consumption

Name of energy/product Emission factors Emissions of 2023, Emissions of 2024,

tCO,e tCO,e

Heating energy, MWh 0.1 kgCO,e/MWh! 1167.8 1221.3

Electricity energy, MWh 0.42 kgCO,e/MWh' 1806.7 1841.2

Diesel, | 2.56 kgCO,e/I? 118.4 116

Petrol, | 2.16 kgCO,e/I? 16.3 16.5

Aviation fuel AVGAS 100LL, | |3.1 kgCO,e/I? 586.3 581.2

AdBlue, | 0.24 kgCO,e/I2 0.04 0.07

Wood pellets, 6mm, t 0.04 kgCO,e/kg' 08t 0.6

Water, m3 0.437 kWh/m?34 16.5 17.7

Notes: "Ministry of Environment of the Republic of Lithuania (2016), page 39, table 2.18 (in Lithuanian);
2Department for Energy Security and Net Zero and Department for Business, Energy & Industrial Strategy
(2013), Greenhouse gas reporting: conversion factors 2023, sheet “fuel”; 3European Commission (2018),
page 81, table 1; 4Lithuanian National Energy Regulatory Council (2014), Table I, Row 14.
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should be added. Bumbiere et al. (2022), Filimonau et al. (2021), add it to Scope 3 emissions,
Samara et al. (2022), Kiehle et al. (2023) include it in Scope 2, other HEls like Udas et al. (2018)
don't include it in their GHG inventory at all. It is clear from the analyzed literature that there
is no unified methodology on water emission evaluation and that it varies between different
HEIs. When it is required to report Scope 1 and Scope 2 emissions (because of regulations
or providing information for university ranking firms) moving them to Scope 3 might help
reduce the actual emissions because Scope 3 emission reporting is not mandatory. This can
create a problem of transparency.

The total emissions of VILNIUS TECH for the years 2023 and 2024 are provided in Figure 2.
As can be seen in Figure 2, the total amount of emissions in 2023 and 2024 is very similar:
3712.8 tons of CO,e were generated in 2023 and 3794.5 tons of CO,e were generated in
2024, an increase of 2.2% can be observed. There was a 3% increase in Scope 2 emissions
and a 1.1% decrease in Scope 1 emissions. The decrease in scope 1 emissions can be at-
tributed to normal variation of fuel consumption throughout the years, this change is rather
negligible. The increase in Scope 2 emissions is a direct result of VILNIUS TECH merging
with The Lithuanian Maritime Academy, increasing the number of students and buildings
the university controls (an additional campus and a student housing apartment complex),
subsequently increasing the consumption rates of electricity, heating, and water. There should
be an additional increase in Scope 1 and 2 emissions in the year 2025, because only 3 months
of consumption from The Lithuanian Maritime Academy were included in the emission cal-
culations for the year 2024; at that point in time the two HEls were merged together. After
a whole year passes after the merger the amount of emissions will increase even more;
another 6-7% increase in emissions is presumed.

As shown in Figure 2, the largest amount of emissions comes from Scope 2, electricity
and heating. Scope 2 emissions are five times higher than Scope 1 emissions and amount to
81% of all university emissions. Scope 2 is more emission heavy than Scope 1 and should be
the focus of reduction efforts, at least in the starting phase of decarbonization. Solutions to
improve heat and energy efficiency are the ones that will have the most positive effect on
the environment, most savings can be achieved here, by implementing energy saving tech-
nologies (energy-saving light bulbs, etc.) and renovating the buildings owned by university,
savings of electricity and heat will allow to lower the universities carbon footprint.

2024 Scope 2;3080.17 Scope 1; 714.32

Year

2023 Scope 2; 2990.94 Scope 1;721.87

T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000
Total emissions, tCO5e

Figure 2. The distribution of emissions by Scope for the years 2023 and 2024 in tCO,e
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A more detailed breakdown of emissions by separate sources is provided in Figure 3 (year
2023) and Figure 4 (year 2024), for Scope 1 emissions and in Figure 5 (year 2023) and
Figure 6 (year 2024) for Scope 2 emissions. As mentioned before, it is obvious from the
consumption amounts that the most emission heavy source for Scope 1 is aviation fuel (over
80%), while diesel and petrol contributions are much lower, 16-17% and 2%, respectively,
for the years 2023 and 2024 (Figures 3-4). While there are reduction strategies for petrol
and diesel consumption like the aforementioned vehicles that can reduce emissions by using
certain fuel additives (AdBlue) or by changing vehicles to use a more sustainable source of
fuel (electricity, hydrogen, biofuel), the aviation industry has not yet achieved so many viable
technological alternatives (Abrantes et al., 2021) some possible reduction strategies could be
the adoption of different fuel alternatives, like Sustainable Aircraft Fuel (SAF) and improving
aircraft design or reducing flying time (Dhara & Muruga Lal, 2021; Marciello et al., 2023).
These options have their own negative effects; the option to change fuel or aircraft design
would mean the purchase of new aircraft, which would be very expensive, and reducing flying
time would negatively impact the abilities of aviation students. There is still a lack of viable
options for aviation emission reduction for small and medium-sized HEls. Additional financial
support is required or more time needs to pass for the newly designed aircraft to become
more widespread and affordable.

The results of the Scope 2 emissions shown in Figures 4-5 highlight the fact that both
heating and electricity are important factors to consider when deciding the reduction strate-
gies for HEIs. Throughout 2023 and 2024, electricity and heating consumption had the most
effect on Scope 2 emissions, with the emission distribution remaining the same after the
merger with the Lithuanian Maritime Academy. Electricity was the main emission producer
at 60% and heating was at 39-40% during the two-year period. These emission sources
both have a strong impact on the universities carbon footprint and both need appropriate
measures to be introduced to achieve the decarbonization goal.

Diesel emisions
17%

Diesel emisions
16%

Aviation gas Aviation gas
emissions emissions
82% Petrol emissions 81% Petrol emissions
2% 2%
Figure 3. Generated emissions for Scope 1 by Figure 4. Generated emissions for Scope 1 by
source for the year 2023 source for the year 2024
Heating energy Heating energy
emissions emissions
39% 40%
Electricity Electricity
emissions emissions
61% 60%
Figure 5. Generated emissions for Scope 2 by Figure 6. Generated emissions for Scope 2 by

source for the year 2023 source for the year 2024
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After the emission amounts were determined for Scope 1 and 2, information regarding
the other selected universities was analyzed and a table was compiled to compare the 6 other
universities (Table 3). Depending on the available data, emissions per employee/student or
emissions per square meter of the area of the universities were compared, as well as the
publicly available sustainability practices that were employed in the selected universities.
The selected year is determined by the availability of data, the year with the fullest data and
closest to the present is selected.

Table 3. Comparison of emissions produced by different HEIs

Name of Calculation | Building | Student/staff Totgl Emissions | Emissions per
university Year area, m? number EMISSIONS, | per person, area,
' tCO,e | tCO,e/person | tCO,e/m?

Vilnius 2024 142420 8618/1623 3794.5 0.3713 0.027
Gediminas
Technical
University
Riga Technical 2023 210423" | 15900/1400' 186932 1.08 0.09
University
University of 2021 1742853 | 10366/5601% 6098° 0.38 0.035
Greifswald
Leuphana 2007-2011, | 95000° 9700/10006 83987 0.8 0.09
university 2015
Luneburg
University of 2019 1534138 | 13500/34008 190728 1.13 0.124
Oulu
University of 2023 N/A 21900/3400° 86000 0.34 N/A
Turku
Delft University 2018 612000™" | 24703/5421"7 | 106000™ 35 0.17
of Technology
University of 2011 N/A 30761/7144'2 | 16181912 4.27 N/A
Leeds

Notes: 'Bumbiere et al. (2022); 2Riga Technical University (2024); 3University of Greifswald (n.d.-a); *Uni-
versity of Greifswald (n.d.-c); >University of Greifswald (n.d.-b); BOSCH (n.d.); “Opel et al. (2017); 8Kiehle
et al. (2023); %Kiehle et al. (2023); "%University of Turku (n.d.); ""Herth and Blok (2022); "2Townsend and
Barrett (2015); 13Only includes Scope 1 and Scope 2.

Data was collected from published scientific articles or university websites if the data in
the articles was insufficient. It should be stated that the provided information is not always
accurate and is not of the same year, because of differing methodologies in the calculation
of GHG emissions and general data availability. However, the comparison is accurate enough
to allow to form conclusions and determine good practices in regards to sustainability. In
the case of these selected universities the methodology used for emission calculation and
distribution of results differs. In some cases, the distribution of emissions is not provided
(Bumbiere et al., 2022) and the available data is gathered from different sources, in other
articles there are no separated Scopes, clearly defined with assigned values (Kiehle et al.,
2023; Opel et al,, 2017). The distribution is provided in sources, which makes the comparison
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less accurate because the amount of evaluated Scope 1, 2 and 3 emissions cannot be sepa-
rated without making assumptions, which means comparing certain Scopes becomes difficult,
especially taking into account the fact that certain sources have a tendency to be assigned
to different Scopes (in example: water).

A conclusion can be drawn from Table 3 that all of the selected universities produce more
emissions than VILNIUS TECH, however this kind of direct comparison (without excluding
Scope 3) of the results appears to be inappropriate, as Scope 3 was omitted from the research
of VILNIUS TECH. If directly compared, the difference between universities is as follows: GHG
emissions per person in Riga Technical University are 66% higher, in University of Greifswald
they are 2.9% higher, in Leuphana university Luneburg — 53% higher, in University of Oulu —
67% in University of Turku — 9.1% lower, in Delft University of Technology — 946% higher
and in University of Leeds its 1151% higher. If comparing the universities taking into account
only a defined Scope 1 and Scope 2 (which are also different by the included sources), the
amounts of emissions from different universities become more similar (Table 4): University of
Greifswald, has provided Scope 1 and 2 emissions (Scope 1 = 1003 tCO,e, Scope 2 = 2670
tCO,e), its emissions per person (only including Scope 1 and 2) is 0.23 tCO,e. In the same
manner, by only comparing Scope 1 and 2 emissions, the amount of tCO,e per person in
Leuphana university Luneburg is 0.3 tCO,e/person (Scope 2 = 3187 tCO,e), in University of
Oulu - 0.5 tCO,e/person (Scope 1 = 322 tCO,e, Scope 2 = 7783 tCO,e), in Delft University of
Technology — 0.6 tCO,e/person (Scope 1 = 17595 tCO,e, Scope 2 = 631 tCO2e), in University
of Leeds — 2.09 tCO,./person (Scope 1 = 29127 tCO,e, Scope 2 = 50164 tCO,e). Riga Technical
University and University of Turku does not provide a more detailed breakdown of their emis-
sions by Scope. A graphical representation of these results is provided in Figure 7.

University Carbon emissions per person
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Figure 7. Selected university Scope 1 and 2 emissions generated per person
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When only Scope 1 and 2 is taken into account the selected universities produce less
or a similar amount of emissions per person compared to VILNIUS TECH, which is to be
expected because these universities have been seeking for carbon neutrality for a longer
period of time than VILNIUS TECH. Three universities produce more Scope 1 and 2 emissions
than VILNIUS TECH. The university of Oulu, which has more emissions from heating than
VILNIUS TECH, because of their geographical location and colder winters (heating emis-
sions are 40.6% of all emissions in 2019 (Kiehle et al., 2023)); Delft University of Technology
produces around 61% more Scope 1 and 2 emissions per person than VILNIUS TECH, but
this is because of the natural gas used for heating, which is the second most emission heavy
source in their university (Herth & Blok, 2022); University of Leeds have an almost 6 times
higher Scope 1 and 2 emission count, but it is impossible to determine the reasons because
the available data is not detailed enough (Townsend & Barrett, 2015). The data selected to
be used for the comparison was taken from the most detailed years, if talking about 2025,
these universities have already moved even further forward in their decarbonization efforts
and some of them have declared carbon neutrality (Leuphana university Luneburg). Another
observation regarding the comparison is that a rough estimation can be made from table
3 on the increase of emissions when Scope 3 will be evaluated. If assuming that the amount
of emissions for Scope 1 and Scope 2 are similar in these universities, then the major differ-
ences between these HEls are because of Scope 3 emissions (not taking into account that
these HEIls have already applied various sustainability measures and the emission amounts
slightly differ between all universities). The difference between VILNIUS TECH and the selected
universities in the direct comparison, which is between 50-70% (Riga Technical University,
Leuphana university Luneburg, University of Oulu), can be assumed to be the amount of
emissions that will increase because of the evaluation of Scope 3, which is also backed up by
the figures found in the literature (increase by up to 75% of Scope 1 and 2 emissions (Hettler
& Graf-Vlachy, 2024)). It has to be noted that this assumption does not apply to HEls that
have already eliminated the majority of Scope 3 emissions or are close to completing this
goal (University of Greifswald, University of Turku). The amount of Scope 3 emissions have
a tendency to increase beyond this range, depending how much building area a university
owns (Delft university of Technology). To more thoroughly verify these observations more
accurate data about the university building area is required as in some cases it is missing
(University of Turku, University of Leeds). It is also possible that the size of the institution
(University of Leeds), the type and amount of study fields the HEI covers has an influence on
total emissions (some emission sources are harder to minimize (example: aviation)). It is likely
that universal reporting standards for HEls will be impossible to implement and will have to
take into account the different types of universities, their size and study fields. This requires
a more thorough analysis and could be a topic for future research.

A possible way to evaluate different university Scope 2 emissions is with the help of
a climatic analysis utilizing the degree day (DD) method. Emissions from heating systems
have a significant impact on Scope 2 values. A degree day is a climatic measurement unit that
shows the amount of energy needed to heat or cool buildings. Heating degree days show the
amount of energy needed to heat buildings, while cooling degree days show the amount of
energy needed to cool buildings. Degree days are calculated for different time intervals such
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Table 4. Comparison of Scope 1 and 2 emissions produced by different HEIs (year as in Table 3).

Name of Scppe ! Scppe 2 Sources included in | Sources included in Scppe 3
university emissions, [ emissions, Scope 1 Scope 2 emissions,
tCOZG tCOZG tC029
Vilnius 714 3080 Car fleet fuel Heating energy; N/A
Gediminas (diesel, petrol, Electricity; Water
Technical AdBlue); Aviation consumption.
University fuel; Biofuel (Wood
pellets).
University of 1003 2670! Work-related travel, | Energy and heat 24251
Greifswald excursions and the |supply of buildings'
use of the vehicle
fleet!
Leuphana Not clearly 31872 Not clearly defined |Energy and heat 52112
university defined supply of buildings?
Luneburg
University of 3223 77833 Car fleet; Direct Heat supply; Water 109663
Oulu fuel combustion for | consumption;
heating; cooling? Electricity is not
included, because
fully renewable?
Delft University | 175954 6314 Natural gas for Electricity supply* 877124
of Technology heating; electricity
generation?
University of 291275 50164° | Not clearly defined | Electricity supply® 82528°
Leeds

Notes: "University of Greifswald (n.d.-b); 2Opel et al. (2017); 3Kiehle et al. (2023); “Herth and Blok (2022);
STownsend and Barrett (2015).

as year, season or month and are determined by adding the temperature anomaly between
the base temperature and the mean daily air temperature (Tantekin, 2025). In this study we
focus on heating degree days because the countries with comparable data are located in
temperate and cold climate zones. In these countries, cooling demand is not a significant
factor. The Equation for calculating degree days is provided below:

HDD = (t

indoor taver.season ) n, @)

the average outdoor temperature of the heating season(t, e, season °C) is subtracted from the
average country indoor temperature (t;,400» °C) and the result is multiplied by the number
of heating season days (n). This process is repeated for all the different analysed countries.
The data is taken from a 10-year average, from 2015 to 2024 (Eurostat, n.d.). In the case of
the U.K. data from Ireland was used, because of their proximity. The values of all the different
country degree-days are presented in Table 5.

After average heating degree-days are determined for every country the amount of Scope
2 emissions per degree-day can be calculated, helping determine the efficiency of Scope
2 emission reduction strategies in the selected universities. Scope 2 emissions per degree-day
are provided in Table 6.
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Table 5. Different country heating degree-day averages (2015-2024)

Reference heating degree-days (average of the last 10 years of heating seasons)
Country
(Eurostat, n.d.)
Finland 5303
Lithuania 3597
Germany 2828
UK (Ireland data) 2672
Netherlands 2274

Table 6. University Scope 2 (with Scope 1 heating emissions) per degree-day

Name of university Scope 2 emissions, tCO,e | Scope 2 emissions, tCO,e/DD
Vilnius Gediminas Technical University 3080 0.86
University of Greifswald 2670 0.94
Leuphana university Luneburg 3187 1.13
University of Oulu 7783+5 (Scope 1 heating) 1.46
Delft University of Technology 631+2990 (Scope 1 heating) 1.59
University of Leeds 50164 18.77

It is clear that universities with larger populations of staff and students (University of Oulu,
Delft University of Technology, University of Leeds) naturally have higher Scope 2 emissions
per degree-day (Table 6), as the emissions from heating and electricity would be higher for
these HEls. However, the analysis in determining heating strategy efficiency could be im-
proved if separate data was provided about heating emissions, regardless of Scope. University
of Leeds is the only institution that has a many times higher emission amount compared to
other HEls and could benefit from additional measures to decrease such emissions, but it is
difficult to tell the exact reason because of a lack of detailed data.

The selected universities have provided information on the solutions they have applied to
achieve the goal of carbon neutrality. To reduce the CO, emissions regarding Scope 2 (heat-
ing and electricity) application of energy saving policies is a common practice, as well as
renovation of existing buildings (Kiehle et al., 2023; Opel et al., 2017), to further lower energy
consumption emissions, the implementation of renewable energy sources is a commonly ap-
plied solution, which is extremely effective in reducing emissions (Bumbiere et al., 2022). This
can be applied to electricity consumption as well as heating energy consumption. For a lone
HEI to change the whole energy procurement methodology would be extremely expensive,
in those cases it is more economically viable to wait till the providers of electricity or heating
energy start implementing renewable sources, as they have to follow the same legislation as
universities. It is also possible to change suppliers of electricity, choosing suppliers that include
more energy from renewable sources in their power mix. After suppliers change their energy
extraction methods it is important to re-evaluate the emission factors while conducting GHG
inventories as they are likely to decrease, in turn decreasing the HEIs generated emissions.
For the consumption of all resources, it is important to implement sustainability teachings
just as much for staff as for students, this will have a positive effect on consumption rates of
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products and energy, reducing emissions (Kiehle et al., 2023; Udas et al., 2018). Universities
are including sustainability in its curriculum and providing training both for the staff and
students (Greifswald University (Kiehle et al., 2023; Udas et al., 2018)). VILNIUS TECH has also
created bachelor (Sustainability Technologies) and master (Sustainability Management) study
programmes to increase awareness about sustainable practices and resource conservation.
Also providing complimentary elective courses for students. Such awareness raising policies
would have an effect on Scope 1 and 2 and 3. While Scope 1 can be reduced by replacing
petrol and diesel driven vehicles with hybrid, gas or electricity driven cars (Bumbiere et al.,
2022; Udas et al,, 2018). Of note is that the decarbonization of a HEl is a very long process
and cannot be completed quickly. Starting as early as possible would help fitting into the
legislatively set time frames.

4. Discussion

A Scope 1 and 2 full GHG emission inventory was done in VILNIUS TECH for years 2023 and
2024, also a comparison between similarly geographically located universities was conducted,
comparing their total Scope 1 and Scope 2 emissions and highlighting the best adopted
practices.

The GHGs included in the study were determined by the available emissions factors.
Factors chosen from regulatory documents and laws only include CO,, they are used for the
evaluation of electricity, heating energy, water, aviation gas and biofuel, while the emission
factors taken from the Department of Energy Security and Net Zero and Department for
Business, Energy & Industrial Strategy (U.K.) include CO,, N20 and CH4 and were used to
calculate AdBlue, diesel and petrol emissions. Currently there are no emission factors that
evaluate generated GHGs from vehicle fuel available in Lithuania, while other factors (elec-
tricity, heating energy, water, aviation gas and biofuel) do not include all of the generated
GHGs, only CO2. Because of the lack of inclusion for different generated GHGs the inventories
accuracy decreases. This inventory demonstrates the lack and need for emission factors,
especially on a local level. In the case of the used fuel, emission factors from the U.K. were
utilized, they would likely be lower if they were available in Lithuania as Britain is an island
nation and the import of such fuel would be more expensive and require additional transport,
which would also increase GHG emissions. As the availability of trustworthy emission factors
is very important to the accuracy of the GHG inventory, the determination of these factors
could be a topic for future research.

The inventory showed that the main contributor to Scope 1 emissions was aviation gas
while the contribution of university's car fleet was below 20% (Figures 3-4). Reduction ef-
forts to reduce vehicle emissions are already underway at VILNIUS TECH - the first electric
cars have already been purchased at the beginning of 2025. This possible solution to lower
Scope 1 emissions was determined from the HEI comparison as it was implemented by other
institutions (Bumbiere et al., 2022; Udas et al., 2018). Also, the amount of AdBlue purchased
increased by 45% from year 2023 to year 2024, reducing NOx emissions. A problem arises
with aviation emissions, where there is no clear solution how to reduce them without heavy
expenses in replacing aircraft or decreasing flying time, and damaging student competencies.
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Another issue with Scope 1 emissions is the exclusion of refrigeration, air conditioning emis-
sions from this inventory, because all university departments track these sources separately
and the third-party providers are not required to report the consumption rates. Changes need
to be made to the way VILNIUS TECH tracks refrigeration emissions.

Scope 2 emissions consist of heating energy, electricity and water consumption. The
largest contributor was electricity emissions (~60%), with heating second (~40%), as can be
seen in Figures 5-6. A common reduction strategy is the renovation of existing university
buildings and energy saving policies, including the education of students and staff (Kiehle
et al., 2023; Opel et al., 2017). Another method to decrease Scope 2 emissions is the purchase
of electricity from carbon neutral suppliers or installing renewable energy sources, such as
photovoltaic elements (Bumbiere et al., 2022). Even though water consumption emissions are
the lowest, water is still a valuable resource that should be preserved, and many reduction
strategies exist (Bumbiere et al., 2022; Samara et al., 2022). Water consumption can be limited
by integrating water aerators and installing modern flush systems, as well as collecting and
integrating rainwater for toilets, laboratories, etc. (Bumbiere et al., 2022). VILNIUS TECH has
already started implementing modern flush systems in bathrooms and automated sinks have
been installed to save excess water. Currently these reduction strategies are only applied to
some of the buildings owned by VILNIUS TECH, but in the upcoming 5-10 years’ renova-
tions of all the university buildings are planned, which will include installing these solutions
throughout the whole university.

The concept of sustainable university development (VILNIUS TECH, 2021) has been written
to start the university on the path of sustainability, which sets goals for the implementation of
all the 17 Sustainable Development Goals (SDGs). VILNIUS TECH has opened its Sustainability
HUB, to oversee the implementation of sustainable practices in all the universities activities,
proposing measures aligned with strategic objectives, developing and updating action plans,
advising the university community and partners, organizing sustainability-related events, and
providing guidance on energy efficiency, resource conservation, climate resilience, and green-
house gas emissions. It is the only one of its kind in Lithuania. As part of the project, “The
establishment of the Integrated Sustainability Technologies Laboratory” at VILNIUS TECH,
funded by the Economic Revival and Resilience Plan “New Generation Lithuania” and the
state budget of the Republic of Lithuania, in 2023 new study programmes were created —
Sustainability Technologies (bachelor study programme) and Sustainability Management (mas-
ters study programme), for guiding students through topics such as Sustainable Environment
and Society, Environmental Systems Processes, Circular Economy and Sustainable Resource
Management, and Climate Change Mitigation Engineering, allowing them to mitigate adverse
environmental impacts (Sustainability Technologies) and managing organizations based on
Sustainable Development Goals (Sustainability Management). In addition to introducing two
dedicated study programmes focused on sustainability, the university actively incorporates
sustainability principles into various other study subjects and modules (Renewable Energy
Systems (with course project) (APPEM17308), Energy Demand Management (APPEM17309),
Sustainable Business Development (VVVKM21200) etc.). Furthermore, the university offers
a selection of complimentary elective courses, which either directly explore sustainability
topics or seamlessly incorporate and address sustainability topics (The Utilization of Waste
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and Recycled Materials in Sustainable Construction (STGSB93239), Sustainable Management
of Water Resources (APAVM 91011) etc.). Currently, the universities decarbonization strategy
is being developed, with 2050 being the year the university plans to reach carbon neutrality.

It is clear from the conducted HEI comparison that there is a lack of a unified emission
reporting methodology, it is hard to determine the exact emission distribution by Scopes,
because every university, names sources differently and may assign different sources to dif-
ferent Scopes, which makes a direct comparison inaccurate or even impossible, being the
biggest limitation of this study. After collecting data about seven universities which all are
located in Europe and experience similar climate conditions (Vilnius Gediminas Technical
University (Lithuania), Riga Technical University (Latvia), University of Greifswald (Germany),
Leuphana University Luneburg (Germany), University of Oulu (Finland), University of Turku
(Finland), University of Leeds (UK), Delft University of Technology (Netherlands)), their emis-
sions per person (staff and students) were determined. While a direct comparison not taking
Scopes into account showed that VILNIUS TECH is on the lower end of GHG emissions,
a more detailed analysis comparing selected university Scope 1 and 2 emissions separately
showed that VILNIUS TECH has a long way to go to catch up. Taking into account inaccura-
cies and a lack of data, the difference could be even greater. All of the selected universities
evaluated Scope 3 emissions with varying degrees of source inclusion, which allows to make
a conservative estimate (disregarding already included reduction strategies at these HEIs) that
Scope 3 emissions could possibly increase by another 52-67%, which was also supported by
the literature (Hettler & Graf-Vlachy, 2024).

The comparison also helped determine implementable practices to decrease emissions
from Scopes 1 and 2: universities included in the comparison decreased Scope 1 emissions
by buying electric vehicles (Bumbiere et al., 2022; Udas et al., 2018; Kiehle et al., 2023),
gas operated cars or introducing service bicycles (Udas et al, 2018). Generally, articles
don’t concentrate on solutions for car fleet emissions (as practical solutions already exist),
mainly focusing on the emissions generated by university owned heating sources, as they
generate comparatively more emissions and are more difficult to implement as solutions
require changes to infrastructure. Mentioned solutions being either switching to district heat-
ing (Udas et al., 2018) or substitution with other heating technology (Biomass boiler, solar
collector) (Bumbiere et al., 2022). Viable strategies to decrease Scope 2 emissions include
the change of suppliers both for heating and electricity, that produce the energy from more
sustainable sources, but the most mentioned solutions are the implementation of renewable
energy sources (Opel et al., 2017; Bumbiere et al,, 2022; Udas et al., 2018; Herth & Blok,
2022), generated electricity can be also used for heating purposes (Opel et al., 2017), and
the renovation of existing university owned buildings (Bumbiere et al., 2022; Udas et al.,
2018; Herth & Blok, 2022), making them more energy efficient. Another mentioned solution
that has a positive effect for all 3 Scopes is the training and informing of the university
community (Bumbiere et al., 2022; Udas et al., 2018), this leads to savings both in energy
and fuel as well as other consumed products covered by Scope 3 (office supplies, waste).
A climatic analysis was also completed evaluating Scope 2 emissions per degree-day, helping
understand the influence of climate on Scope 2. Some of the identified solutions are already
being implemented in VILNIUS TECH: inclusion of sustainability in the curriculum, renovation
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of buildings, the replacement of the car fleet and implementation of renewable sources of
energy. These solutions still need to be expanded on a wider scale as well as a possible
solution for heating needs to be determined if emissions are to be decreased to a minimum.
The possibility of changing district heating to a more sustainable source has been identified
(biofuel boilers, solar collectors).

For a more accurate comparison, the source and Scope distribution throughout the years
should be kept, something VILNIUS TECH is planning to do. With a greater number of de-
tailed reports, it would be easier to assess the effects of reduction methods, highlighting
best practices. However, for a university starting its journey in sustainability the amount of
solutions currently being implemented is enough and the direction highlighted by these HEIs
is clear. A topic for future research should be the evaluation of Scope 3 emissions, as this
Scope can be the highest source of GHG emissions and the most difficult to assess accurately.

5. Conclusions

In this study we calculate the carbon footprint of VILNIUS TECH and compare the findings to
other similar universities in the region, to determine the most efficient practices, that later can
be adapted to other universities in the region, that are starting to implement sustainability, in
their curriculum and decarbonize their campuses. After thorough investigation the identified
practices could be applied on a larger scale (cities, companies etc.). Scope 1 and Scope
2 emissions are calculated as a first step towards decarbonizing the university of VILNIUS
TECH with the biggest challenge being data availability (emission factors not provided in na-
tional documents, suppliers not willing to provide these factors). Starting the decarbonization
process and determining the first inventory is possible even while using such heterogeneous
sources for emission factors, as this first step is necessary to acquire an understanding about
the HEls emission situation, however these factors become even more important the closer
to carbon neutrality the HEI advances, as they are the only solution to guarantee accuracy.
Emission factors provided by suppliers are preferable as they are most accurate, but factors
created for countries or regions are also viable, for certain sources it is also possible to
determine these factors experimentally. Additional legislation, laws are required determining
and introducing such factors or making suppliers more willing to provide them (making
them publicly available). Scope 1 emissions included car fleet emissions and aviation emis-
sions, with aviation emissions being the biggest contributor, with little solutions provided by
other universities, outside of replacing all the aircraft. Scope 2 emissions included electricity
heating and water usage emissions, with electricity being the number one contributor to
emissions in VILNIUS TECH, a solution to decrease these emissions being the renovation of
university owned buildings and education of the VILNIUS TECH community. Of note is the
lack of a unified methodology in the calculation, distribution and presentation of emissions
in different HEls. The data provided by different universities is usually incomplete (missing
emission factors, unclear, differing distribution of sources by Scope), which limits the accuracy
of the university comparison. There is a lack of a unified methodology in emission reporting
which creates a lack of transparency. Calculated emissions for VILNIUS TECH (Scope 1 and
2) per person are 0.37 tCO,e, while the University of Greifswald emissions were 0.23 tCO,e
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(39% lower), the Leuphana university Luneburg were 0.3 tCO,e (24.5% lower), the University
of Oulu were 0.5 tCO,e (23% higher), University of Leeds were 2.09 tCO,e (564% higher), Delft
University of Technology were 0.6 tCOye (61% higher). The selected universities have been
compared and the most common practices have been discovered. These practices now can
be adapted by other universities starting to implement sustainability goals in their campuses.
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